Characterization of mutants of a tyrosine ammonia-lyase from Rhodotorula glutinis.
In the phenylpropanoid production process, p-coumaric acid is the most important intermediate metabolite. It is generally accepted that the activity of tyrosine ammonia-lyase (TAL), which converts L-tyrosine to p-coumaric acid, represents the rate-limiting step. Therefore, an error-prone PCR-based random mutagenesis strategy was utilized for screening variants with higher catalytic activity. After rounds of screening, three variant enzymes were obtained, exhibiting improved production rates of 41.2, 37.1, and 38.0 %, respectively. Variants associated with increased expression level (S9N), improved catalytic efficiency (A11T), and enhanced affinity between TAL and L-tyrosine (E518V) were identified as beneficial amino acid substitutions by site-directed mutagenesis. Combining all of the beneficial amino acid substitutions, a variant, MT-S9N/-A11T/-E518V, exhibiting the highest catalytic activity was obtained. The K m value of MT-S9N/-A11T/-E518V decreased by 25.4 % compare to that of wild-type, while the activity, k cat/K m, and p-coumaric-acid yield were improved by 36.5, 31.2, and 65.9 %, respectively. Furthermore, the secondary structure of the 5'-end of MT-S9N mRNA and the three-dimensional protein structure of MT-E518V were modeled. Therefore, two potential mechanisms were speculated: (1) a simplified mRNA 5'-end secondary structure promotes TAL expression and (2) anchoring the flexible loop region (Glu325-Arg336) to maintain the active-site pocket opening ensures easy access by the L-tyrosine to the active site and thus improves p-coumaric acid yields.